The aim of this work was to assess the FSH-stimulated expression of epidermal growth factor (EGF)-like peptides in cultured cumulusoocyte complexes (COCs) and to find out the effect of the peptides on cumulus expansion, oocyte maturation, and acquisition of developmental competence in vitro. FSH promptly stimulated expression of amphiregulin (AREG) and epiregulin (EREG), but not betacellulin (BTC) in the cultured COCs. Expression of AREG and EREG reached maximum at 2 or 4 h after FSH addition respectively. FSH also significantly stimulated expression of expansion-related genes (PTGS2, TNFAIP6, and HAS2) in the COCs at 4 and 8 h of culture, with a significant decrease at 20 h of culture. Both AREG and EREG also increased expression of the expansion-related genes; however, the relative abundance of mRNA for each gene was much lower than in the FSH-stimulated COCs. In contrast to FSH, AREG and EREG neither stimulated expression of CYP11A1 in the COCs nor an increase in progesterone production by cumulus cells. AREG and EREG stimulated maturation of oocytes and expansion of cumulus cells, although the percentage of oocytes that had reached metaphase II was significantly lower when compared to FSH-induced maturation. Nevertheless, significantly more oocytes stimulated with AREG and/or EREG developed to blastocyst stage after parthenogenetic activation when compared to oocytes stimulated with FSH alone or combinations of FSH/LH or pregnant mares serum gonadotrophin/human chorionic gonadotrophin. We conclude that EGF-like peptides do not mimic all effects of FSH on the cultured COCs; nevertheless, they yield oocytes with superior developmental competence.
Introduction
FSH and LH are important regulators of granulosa cell proliferation, differentiation, and steroidogenesis. In mammalian ovarian follicles, FSH/LH signaling is essential for follicle growth, secretion of follicular fluid (FF), and steroidogenesis. Preovulatory surge of LH results in the resumption of meiosis in oocytes, expansion of surrounding cumulus cells, and ovulation of matured cumulus-oocyte complex (COC) into oviduct. Recent data indicate that these LH-induced events are mediated in preovulatory follicles by several members of epidermal growth factor (EGF)-like protein family. Experiments on mice revealed that LH binds to its receptor on mural granulosa cells and induces expression of amphiregulin (AREG), epiregulin (EREG), and betacellulin (BTC; Park et al. 2004 , Ashkenazi et al. 2005 . By autocrine and paracrine mechanisms, these EGF-like peptides induce expression of prostaglandin-endoperoxide synthase 2 (PTGS2) in both mural granulosa and cumulus cells, which leads to increased production of prostaglandin E 2 (PGE 2 ). PGE 2 binds to its receptor on cumulus cells, activates MAPK14, and consequently stimulates production of AREG and EREG in cumulus cells. These peptides then bind to EGF receptor (EGFR) on cumulus cells and in the autocrine manner, via MAPK3/1 (also known as ERK1/2) stimulate transcription of genes involved in regulation of meiotic resumption and cumulus expansion (Shimada et al. 2006) . The production of EGF-like peptides can also be induced by FSH in isolated COCs (Downs & Chen 2008) .
In rodent follicular cultures, the EGF-like peptides promoted both resumption of meiosis and cumulus expansion, preceded by an increased expression of the genes involved in the production of hyaluronic acid and its organization in extracellular matrix, as hyaluronan synthase 2 (HAS2), PTGS2, and tumor necrosis factor a-induced protein 6 (TNFAIP6; Park et al. 2004 , Ashkenazi et al. 2005 . In a simplified model of COCs culture, each of the EGF-like peptides produced cumulus expansion and induced germinal vesicle breakdown (GVBD) when spontaneous maturation was inhibited by hypoxanthine (Park et al. 2004) . The action of EGF-like peptides was inhibited by AG 1478, an EGFR kinase inhibitor (Park et al. 2004) , and by metalloprotease inhibitors galardin (Ashkenazi et al. 2005) and Tapi2 (Yamashita et al. 2007) . This indicates that the EGF-like peptides are produced as membrane-bound propeptides that, after shedding by metalloproteases, use the EGFR for signaling.
In a recent study, however, EREG was found to be a poor inducer of mouse cumulus expansion, oocyte maturation, and follicle luteinization when used as a sole stimulator in the follicular culture, but was as efficient as human chorionic gonadotrophin (hCG)/EGF when used as a meiotic stimulator for the isolated COCs (Romero & Smitz 2009 ). Thus, it is not clear whether the EGF-like peptides can completely substitute for gonadotropins in stimulating oocyte maturation in vitro.
We have shown in previous papers that the EGFR signaling plays an important role in the regulation of meiosis in the pig (Prochazka et al. 2000 (Prochazka et al. , 2003 . The aim of this work was to answer the question of whether EGF-like peptides can substitute for gonadotropins in stimulation of cumulus expansion, oocyte maturation, and acquisition of developmental competence in vitro or whether additional gonadotropin-induced signaling, besides the induction of the EGF-like peptides, is essential for occurrence of these events in pig COCs. For this reason, we studied the expression of EGF-like peptides in FSH-stimulated COCs and compared the effect of the peptides and FSH on expression of the expansion-related genes, activation of signaling pathways, and progesterone production in the COCs. In addition, we assessed the efficiency of EGF-like peptides and FSH in inducing maturation of oocytes, expansion of cumulus cells, and acquisition of the oocyte developmental competence.
Results

Expression of EGF-like peptides in FSH-stimulated COCs
FSH significantly stimulated expression of AREG and EREG, but not of BTC in cultured COCs. The expression of AREG and EREG reached maximum at 2 and 4 h after FSH addition respectively ( Fig. 1 ). No further increase in AREG, EREG, and BTC expression was found beyond 4 h of culture in COCs, but the expression of EREG remained significantly increased up to 28 h of culture (data not shown). Since BTC does not seem to play a role in the regulation of COCs maturation in the pig, we further concentrated on functions of AREG and EREG in this process.
Stimulation of oocyte maturation and cumulus cell expansion
In control FF-supplemented medium without FSH or EGF-like peptides, 15.4G4.4% of oocytes underwent GVBD, and 32.5G4.0% of oocytes reached metaphase II (MII; Table 1 ). Addition of FSH to the culture medium resulted in a significant increase in proportion of oocytes reaching MII (87.2G5.0%; P!0.05) and a significant decrease in oocytes remaining in GV stage (10.2G4.8%). In the groups stimulated with AREG, EREG, or both peptides together, more oocytes remained in GV stage (30.5G4.7 to 45.2G3%; P!0.05), and fewer oocytes completed meiosis to MII stage (53.1G2.1 to 64.6G3.4%; P!0.05) than in the FSH group. Nevertheless, the completion of meiosis was significantly higher in these groups than in the control group (P!0.05). Maturation in the group of oocytes cultured with FSH and both EGF-like peptides was equal to the group of oocytes cultured with FSH alone. The expansion of cumulus cells was equally stimulated with either FSH or the EGF-like peptides (Table 1) . Nevertheless, the course of expansion induced by AREG or EREG was faster than that induced by FSH. The COCs induced to expand by AREG or EREG reached maximum expansion at 20-24 h of culture and were mostly disorganized at the end of the culture period, losing cohesion between the oocyte and the cumulus cells, whereas the COCs stimulated by FSH gradually enlarged the expansion area and remained well organized at 42 h of culture ( Fig. 2) .
Expression of expansion-related genes and activation of signaling pathways
FSH significantly stimulated the expression of PTGS2, TNFAIP6, and HAS2 at 4 and 8 h of culture, with a significant decrease at 20 h of culture. Both AREG and EREG also stimulated a prompt increase in the expression of the expansion-related genes, although the magnitude of the increase in expression of the mRNA for each gene was lower than in the FSH-stimulated COCs; the increase in EREG-induced TNFAIP6 was not significant. The dynamics of the expression was somewhat different for EREG-induced expression of HAS2 that persisted high at 20 h of culture ( Fig. 3 ). Activity of protein kinase A (PKA) and AKT kinase (also known as protein kinase B) was assessed in the COCs 60 min after stimulation and activity of MAPK3/1 at 2 h after stimulation; the intervals were chosen on the basis of our previous results (Nemcova et al. 2007) . FSH, AREG, and EREG promptly induced phosphorylation of MAPK3/1 and AKT kinase ( Fig. 4A and B ) over the level found in control COCs. As expected, FSH also efficiently activated the PKA (Fig. 4C ). In contrast, AREG and EREG did not increase the activity of PKA at all ( Fig. 4C ). PKA activity was neither increased in the AREG-or EREG-stimulated COCs at 2, 4, and 6 h after stimulation (data not shown).
Production of progesterone by COCs during culture in vitro
In contrast to FSH, AREG and EREG did not stimulate the expression of CYP11A1 over the culture period of 20 h (Fig. 5A ). Correspondingly, the production of progesterone by the COCs cultured with AREG or EREG remained low at the end of the period of culture (47.5 G10.04 or 39.8G2.7 ng/ml respectively) and was not different from non-stimulated controls (26.8G5.5 ng/ml), whereas the COCs stimulated by FSH significantly (P!0.001) increased the production of progesterone (326.6G13.8 ng/ml; Fig. 5B ).
Parthenogenetic development of oocytes
Parthenogenetic development rather than IVF is now often used for the assessment of cytoplasmic maturation of cultured pig oocytes. This approach is justified by the fact that mammalian parthenogenetic or gynogenetic embryos undergo normal preimplantation development (Kaufman & Gardner 1974 , Surani & Barton 1983 , and avoids the problem with polyspermy associated with pig IVF in vitro. A combined treatment of matured oocytes with ionomycin and 6-diaminopurine (6-DMAP; Roh & Hwang 2002 ) was used to stimulate parthenogenesis in our study. The cleavage rate was higher in the groups of oocytes that had been cultured with FSH or FSHCAREGCEREG (Table 2) , which corresponds to the higher maturation rate of oocytes in these groups compared to the groups of oocytes cultured with EGF-like peptides only (Table 1) . However, the blastocyst rate was significantly higher in the groups of oocytes cultured with EGF-like peptides than with FSH alone. This indicates higher developmental potential of oocytes cultured with AREG and/or EREG than with FSH alone. This assumption was further strengthened by assessment of blastocyst rate among the cleaving parthenogenetic embryos when the blastocyst rate in the groups with AREG and/or EREG doubled the rate observed in the FSH group (Table 2 ). In addition, the number of nuclei in the blastocysts was significantly higher in all groups with EGF-like peptides than in the FSH group. It should be noted that combination of AREG and EREG was not any better in all of the followed aspects of parthenogenetic development than the action of either peptide alone. The combination of FSH and the EGF-like peptides significantly improved the FSH action but was not more efficient than the action of EGF-like peptides themselves.
LH alone is inefficient in stimulating maturation of freshly isolated pig COCs due to a lack of functional LH receptors (LHRs; Prochazka et al. 2009 ). However, functional LHR develops in pig COCs during the culture with FSH in vitro (Prochazka et al. 2009 ). For this reason, we have also compared developmental competence of pig COCs cultured with both gonadotropin hormones. As shown in Table 3 , the COCs cultured with AREG reached significantly higher blastocyst rate among activated oocytes and cleaving parthenogenetic embryos than oocytes cultured with FSH, FSHCLH, or pregnant mares serum gonadotrophin (PMSG)ChCG. Also the mean number of nuclei was significantly higher in the AREG group than in the groups of oocytes cultured with any gonadotropin stimulation.
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Discussion
In the mouse, the analysis of total ovarian mRNA by northern blotting revealed increased expression of AREG, EREG, and BTC within 1-3 h after hCG application; AREG and BTC expression was transient, but EREG expression persisted until 12 h after hCG (Park et al. 2004) . In situ hybridization of mouse ovaries showed that the AREG, EREG, and BTC are detectable only in mural granulosa cells at 3 h after hCG (Park et al. 2004 ). However, an analysis of AREG, EREG, and BTC expression in mouse preovulatory follicles by semi-quantitative RT-PCR disclosed their enhanced expression not only in mural granulosa cells, but also in the COCs isolated from 4 to 12 h after hCG (Shimada et al. 2006) . In in vitro cultured rat follicles stimulated with LH, the expression of AREG, EREG, and BTC peaked at 3 h of culture, but it was still significantly increased over the level found in nonstimulated control follicles at 9 h of culture (Ashkenazi et al. 2005) . A prolonged expression of AREG and EREG (up to 10 and 40 h of culture respectively) was also found in pig-cultured COCs stimulated by gonadotropins (Yamashita et al. 2007) . We have confirmed the prompt increase in AREG and EREG expression in FSH-stimulated COCs. Moreover, the data of the present study indicate that BTC is not increased following FSH stimulation. Expression of BTC was found only in rodent ovarian follicles and was not reported in studies dealing with the EGF-like peptide expression in the pig (Yamashita et al. 2007 , Kawashima et al. 2008 , horse (Lindbloom et al. 2008) , macaque (Fru et al. 2007) , and human (Freimann et al. 2004 , Ben-Ami et al. 2006 . Taken together, it is obvious that the gonadotropin-induced expression of EGF-like peptides in mural granulosa and consequently in cumulus cells is a common mechanism of intrafollicular signaling in preovulatory follicles. An autocrine stimulation of cumulus cells by EGF-like peptides thus plays an important role in the regulation of cumulus expansion and oocyte maturation. This makes a rationale for our next experiments assessing an effect of exogenous AREG and EREG on maturation of cultured pig COCs. The results of our study showed that EREG and AREG are markedly less efficient than FSH in stimulating resumption of meiosis in pig oocytes, leaving 30-45% oocytes in GV stage. Consequently, the differences between FSH and the EGF-like peptides in stimulating maturation to MII stage may reflect the relative degree of meiotic resumption. Correspondingly with the results of our study, the EGF-like peptides were shown to stimulate maturation of pig COCs in vitro but they were less efficient than gonadotropins (eCGChCG; Akaki et al. 2009 ). A reason of the lower potential of the EGF-like peptides to initiate resumption of meiosis in isolated pig COCs cannot be specified yet due to incomplete information about mechanisms involved in this process. We assume that the reason may lie in low level of cAMP in the AREG-and EREG-stimulated COCs, which may adversely affect function of the cumulus cells and also communication between the oocyte and the cumulus compartment. This assumption is supported by the finding that combination of the EGF-like peptides with dbcAMP during first 20 h of culture improved the results of maturation to the level observed with gonadotropins and IVF, and culture of such oocytes yielded blastocysts with full developmental competence (Akaki et al. 2009 ). In mouse preantral follicle culture model, EREG-induced incomplete mucification and expansion of the cumulus cells had a significantly lower effect than hCG/EGF on meiotic resumption and progesterone production (Romero & Smitz 2009 ). However, in that study, EREG proved to be as capable as hCG/EGF in inducing both cumulus expansion and polar body formation in COCs isolated from fully-grown follicles and cultured in vitro.
A coordinated activation of several kinases in cumulus cells compartment is essential for induction of mammalian oocyte maturation and cumulus expansion. In the mouse, the PKA-driven activation of MAPK3/1 in cumulus cells appears essential for gonadotropininduced resumption of oocyte meiosis (Su et al. 2002 , Fan et al. 2004 ). Moreover, the induction of cumulus expansion by FSH, EGF, 8-bromo-cAMP, and a growth differentiation factor 9 also required the participation of MAPK3/1 (Su et al. 2002) . The cAMP/PKA signaling is involved in a transactivation of the EGF network in the mouse cumulus cell (Conti et al. 2006 ). In the pig, both phosphatidylinositol 3-kinase (PI3K) and MAPK activation in cumulus is required for gonadotropin-stimulated resumption of meiosis (Shimada et al. 2001 , Meinecke & Krischek 2003 , Liang et al. 2005 . PI3K/AKT-dependent pathway was also involved in the promotion of FSH-stimulated production of hyaluronic acid in pig COCs by insulinlike growth factor 1 (Nemcova et al. 2007) . Therefore, in this study, we assessed the activation of PKA, MAPK, and AKT in the cumulus cells by FSH and EGF-like peptides and also the expression of the expansion-related genes. The present data indicate that FSH activates all of the studied kinases. AREG and EREG promptly activated MAPK3/1 and AKT pathway without any increase in PKA activity. Though both FSH and the EGF-like factors induced a rapid expression of the expansion-related genes, FSH was more efficient in this aspect, especially in the HAS2 and TNFAIP6 induction. The lower expression of expansion-related genes may be a reason of the inability of AREG-and EREG-stimulated COCs to maintain the expansion beyond 28 h of culture, as shown in our experiments. Thus, the failure of the EGRFlike peptides to activate PKA was not detrimental to acquisition of oocyte developmental competence, but may have affected the ability of the COCs to stabilize hyaluronic acid in expanding cumulus.
The disruption of progesterone receptor in granulosa cells of preovulatory follicles in vivo blocks ovulation and impacts a diverse set of the genes that control protease activity, cGMP signaling, exocytosis, and inflammation (Sriraman et al. 2010) . However, the significance of progesterone and progesterone receptor signaling for maturation of mammalian oocytes in vitro is a matter of debate. The cultured COCs dramatically increase progesterone production following stimulation by gonadotropins (Jezova et al. 2001) . However, the inhibition of steroidogenesis by ketoconazole did not affect maturation of rat oocytes in vitro (Tsafriri et al. 1998 ). In the pig, progesterone and progesterone receptor signaling appears important for maintenance of a proper cumulus cell function during the culture of COCs in vitro. Either progesterone synthesis inhibition or progesterone receptor antagonists impaired expansion of cumulus cell, resumption of meiosis, and the developmental competence of oocytes (Yamashita et al. 2003 , Shimada et al. 2004 . The molecular basis of the progesterone significance may consist in its essential role in induction and maintenance of TACE/ADAM17 expression that is indispensable for production of mature forms of AREG and EREG (Yamashita et al. 2010) . Values with different superscripts within columns are significantly different (P!0.05). The data were summarized from eight replicates.
Thus, the addition of mature forms of AREG and EREG to the culture medium may have bypassed the observed requirement of the pig COCs for the high progesterone concentration and resulted in production of high-quality oocytes in a low-progesterone environment in this study. In concert with our results, Romero & Smitz (2009) also found EREG to be a poor stimulator of progesterone production in cultured follicles. Addition of progesterone to the EREG stimulus had no positive effect on maturation of the oocytes, indicating that low concentration of progesterone was not a cause of the weak effect of EREG on cumulus expansion and oocyte maturation in that study. The results of this paper confirm a relatively high and consistent efficiency of parthenogenetic stimulation in inducing preimplantation development of pig oocytes. We have shown in this study that oocytes stimulated with AREG or EREG have lower maturation rate than those stimulated with FSH, and that the EGF-like peptides do not elicit all signals in the cumulus cells detected following gonadotropin stimulation. Despite these facts, we have repeatedly and consistently observed better development to blastocyst stage and higher blastocyst quality in groups of oocytes cultured with EGF-like peptides than in the groups cultured with gonadotropins only. Thus, the induction of EGF-like peptide synthesis in the cultured COCs by gonadotropins seems to be less efficient, at least for acquisition of the oocyte developmental capacity, than the usage of the mature forms of the peptides. So far, we do not know whether this is a matter of quantity of the peptides or quality of the downstream signaling or both. Alternatively, FSH may stimulate in isolated COCs a response detrimental to development. The explanation of these questions requires further studies about the mechanisms driving synthesis of EGF-like peptides in granulosa/cumulus cell and their engagement in a series of post-transcriptional events leading to resumption of meiosis in mammalian oocytes. Nevertheless, the blastocysts originated from AREG-treated COCs and transferred to recipients supported development to term (Akaki et al. 2009 ), indicating the capability of exogenous EGF-like peptides to induce a physiological mechanism leading to completion of meiosis and acquisition of full oocyte developmental competence.
In conclusion, we show in the present study that AREG and EREG are expressed in cultured pig COCs after gonadotropin stimulation, and the exogenous peptides may be effectively used for stimulation of pig oocyte maturation in vitro. The EGF-like peptides do not mimic all signals elicited in the cultured COCs by gonadotropins: they do not activate PKA in cumulus cells, do not stimulate expression of CYP11A1 and progesterone production, and are less efficient in increasing expression of the expansion genes. Despite these differences, they yield oocytes with superior developmental competence.
Materials and Methods
Isolation and culture of COCs
Ovaries of slaughtered gilts were collected at a local abattoir and transported to the laboratory in a thermos at 37 8C. The contents of the medium size follicles (3-6 mm in diameter) were aspirated by using a syringe connected with a 20 G needle, pooled in a Petri-dish, and diluted with PBS with 3 mg/ml polyvinylpyrrolidone (PVP). COCs were picked out from the aspirate and washed in the PVP-PBS. Only COCs surrounded by compact multi-layered cumulus were selected for experiments. About 30 COCs were cultured in 1 ml of medium M-199 with Hanks' salt (M 7653, Sigma) supplemented with 0.91 mM sodium pyruvate, 0.57 mM cysteine, 1 mM glutamine, 9 mM sodium bicarbonate, 5.5 mM HEPES, antibiotics, and 10% of FF or 5% of FCS in gene expression experiments. The COCs were cultured in 4-well dishes (Nunclon, Roskilde, Denmark) at 38.5 8C in a humidified atmosphere of 5% CO 2 in the air. The maturation of oocytes and expansion of cumulus cells were stimulated by the addition of recombinant FSH (1 IU/ml; Gonal-f, Serono Europe), EGF-like peptides (100 ng/ml; EREG, R&D Systems, Minneapolis, MN, USA; AREG, Sigma; BTC, Sigma), LH (1 IU/ml, Luveris, Serono), or PMSG/hCG (10/5 IU/ml, P.G. 600, Intervet, Boxmeer, The Netherlands) into the culture medium.
Assessment of oocyte maturation and cumulus cell expansion
To assess the nuclear maturation, oocytes were removed of cumulus cells by vortexing, mounted on slides, and fixed in acetic ethanol for 48 h. Oocytes were then stained with 1% orcein and observed with a light microscope. Oocytes were scored for GV, GVBD, and for MII stage.
The degree of cumulus expansion was assessed at 24 h after the onset of culture using a subjective scoring method (Prochazka et al. 2000) . Briefly, no response is scored as 0, minimum observable response, the cells in the outermost layer of the cumulus become round and glistening as 1, the expansion of outer COCs layers as 2, the expansion of all COCs layers except corona radiata as 3, and the expansion of all COCs layers as 4.
Activation of oocytes and culture of parthenogenetic embryos
The COCs matured in M199 supplemented with 10% of FF were freed of cumulus cells by hyaluronidase treatment (1 mg/ml), washed in PBS supplemented with 3 mg/ml of BSA (fraction V, Sigma), and activated by exposure to 10 mM ionomycin (Sigma) in PBS for 5 min. They were then washed and cultured in medium PZM 3 (Yoshioka et al. 2002) supplemented with 4 mg/ml BSA and 2 mM of 6-DMAP (Sigma) for 5 h. The presumable parthenogenetic embryos were then washed and cultured in 1 ml of medium PZM 3 without 6-DMAP in 4-well culture dishes (Nunclon) for 6 days at 38.5 8C under an atmosphere of 5% CO 2 in air. The number of cleaving embryos at two-or four-cell stage was assessed on day 2, and the number of embryos that had reached blastocyst stage was assessed at the end of culture. An embryo with Effect of EGF-like peptides on pig COCs a well-developed blastocoel cavity and a distinguishable embryoblast was scored as a blastocyst (Fig. 6 ).
RNA isolation
Total RNA from 30 COCs was extracted with the use of an RNeasy Mini kit (Qiagen) following the manufacturer's instructions. RNA was eluted in 50 ml of RNase-free water and stored at K80 8C. The concentration of total RNA in samples was measured by a spectrophotometer NanoDrop ND-1000 (NanoDrop Technologies, Wilmington, DE, USA).
Porcine BTC primer design, DNA sequencing, and data analysis By searching the pig-expressed sequence tag (EST) database using the BTC sequences of human (BC011618), primate (XM_517223), and bovine (NM_173896), two porcine EST sequences (CB477123 and EW446187) were chosen for designing a pair of primers (Table 4 , BTCseq), amplifying the porcine coding region of BTC. The amplification was performed on the PTC-2000 Thermal cycler (MJ Research, Waltham, MA, USA) by the use of a One-Step RT-PCR kit (Qiagen). Total RNA was reverse transcribed and subsequently amplified in a reaction mixture (total volume 25 ml) containing 5 ml 5! reaction buffer, 1 ml dNTP mix (10 mM stock of each), 0.5 ml of both reverse and forward primers (0.02 mM stock), 0.15 ml RNasine (20 U/ml stock, Promega), 1 ml enzyme mix, and RNA. The RT-PCR conditions were as follows: cDNA synthesis at 50 8C for 30 min, pre-denaturation at 95 8C for 15 min, followed by 40 PCR cycles consisting of denaturation (95 8C for 30 s), annealing at 55 8C (30 s), extension (72 8C for 45 s), and final extension at 72 8C for 5 min. After the agarose gel electrophoresis, PCR product was isolated from the gel using the MinElute Gel Extraction kit (Qiagen) according to the manufacturer's instructions and sequenced using Big Dye Terminator kit V.3.1. (Applied Biosystems, Foster City, CA, USA) and ABI Prism 310 automated DNA sequencer (Applied Biosystems). The resulting sequences were identified using the basic local alignment search tool (BLAST; Altschul et al. 1990) .
We amplified and sequenced the 1125 bp fragment of partial porcine BTC. Comparing the obtained data using the BLAST, the sequence was 87, 87, and 79% homologous to human, primate, and bovine BTC respectively, based on published sequences (GenBank accession numbers BC011618, XM_517223 and NM_1738936), and shares the 100% identity with Sus scrofa mRNA, expressed in alveolar macrophages (AK343801). The porcine partial mRNA sequence for BTC was deposited in the EMBL/GenBank/DDBJ database (accession number: FR694924).
Real time RT-PCR
The relative abundance of AREG, EREG, BTC, HAS2, TNFAIP6, PTGS2, and CYP11A1 mRNA in pig COCs was assessed by Figure 6 Set of parthenogenetic blastocysts produced in a single experiment from oocytes cultured in medium with AREG. Note the distinguishable inner cell mass and trophectoderm in the blastocysts. BarZ200 mm. a real-time RT-PCR using a One-Step RT-PCR kit (Qiagen) and primers designated for the specific sequences (Table 4 ). The reaction mixture was the same as described above. In addition, 0.5 ml SYBR Green I of 1:1000! stock solution (Molecular Probes, Eugene, OR, USA) was added in each reaction. The amplification was performed on the RotorGene 3000 cycler (Corbett Research, Sydney, NSW, Australia). The reaction conditions were as follows: cDNA synthesis at 50 8C for 30 min, pre-denaturation at 95 8C for 15 min, followed by various numbers of PCR cycles consisting of denaturation (95 8C for 15 s), annealing (20 s) at temperature specific for each set of primers (Table 4) , extension (72 8C for 20 s), and final extension at 72 8C for 5 min. Fluorescence data were acquired during an additional step at w3 8C below the products melting temperature. After the cycling, the melting curve was generated to verify the amplification of one specific target (one peak at a specific melting temperature demonstrates the specificity). In addition, gel electrophoresis and ethidium bromide staining assessed the specificity of RT-PCR products.
The relative concentration of templates in different samples was determined using comparative analysis software (Corbett Research). The results for individual target messages were normalized according to the relative concentration of the internal standard, actin-b (ACTB).
PKA activity assay
PKA activity was assessed by a PepTag Assay for Non-Radioactive Detection of cAMP-Dependent Protein Kinase kit (Promega) according to the manufacturer's instructions. Briefly, 50 COCs were cultured for 1.5 h and then stored frozen at K70 8C in a minimum volume of PBS until use in the assay. The samples were lysed in 10 ml of cell lysis buffer (Cell Signaling Technology, Danvers, MA, USA) and mixed in a test tube with 5 ml of PKA reaction buffer (100 mM Tris, pH 7.4, 50 mM MgCl 2 , and 5 mM ATP), 5 ml of PKA-specific fluorescent peptide substrate (Kemptide, 0.4 mg/ml stock), and 5 ml of deionized water. Negative control assay was run without the cell sample; in positive control assays, the sample was substituted with 25 ng of catalytic subunit of PKA (diluted in 5 ml of 350 mM K 3 PO 4 with 0.1 mM dithiothreitol) and 5 ml of PKA activator solution (5 mM cAMP in water). The reaction mixture was incubated at room temperature for 30 min and then stopped by placing the test tubes in boiling water for 10 min. The samples were loaded into the wells in 0.8% agarose gel and run at 100 V for 15 min. The phosphorylated substrate migrated toward the positive electrode, while the non-phosphorylated substrate migrated toward the negative electrode. The gel was photographed in u.v. light, and the images were assessed for the proportions of phosphorylated and non-phosphorylated substrate by densitometry.
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